This article uses OPTN/SRTR data to review trends in pediatric transplantation over the last decade. In 2003, children younger than 18 made up 3% of the 82,885 candidates for organ transplantation and 7% of the 25,469 organ transplant recipients. Children accounted for 14% of the 6,455 deceased organ donors. Pediatric organ transplant recipients differ from their adult counterparts in several important aspects, including the underlying etiology of organ failure, the complexity of the surgical procedures, the pharmacokinetic properties of common immunosuppressants, the immune response following transplantation, the number and degree of comorbid conditions, and the susceptibility to post-transplant complications, especially infectious diseases. Specialized pediatric organ transplant programs have been developed to address these special problems, The transplant community has reNote on sources: The articles in this report are based on the reference tables in the 2004 OPTN/SRTR Annual Report, which are not included in this publication. Many relevant data appear in the figures and tables included here; other tables from the Annual Report that serve as the basis for this article include the following: Tables 1.4, 1.10, 1.13, 2.1-2.11, 5.1-5. 5, 5.8, 5.9, 5.11, 6.4, 7.4, 8.4, 9.1, 9.3-9.5, 9.7, 9.8, 9.11, 10.1-10.5, 10.7, 10.8, 10.11, 11.1, 11.3-11.5, 11.7, 11.8, 11.11, 12.1-12.9, 12.11, 13.1-13.4, 13.8, 13.11, 15.2 and 15.3. All of these tables may be found online at http://www.ustransplant.org.
Introduction
The data and analysis presented in this article provide important information about pediatric organ transplantation. In this report, 'pediatric' refers to all candidates, recipients and donors, aged 17 years and under. Graft and patient survival are reported as unadjusted survival unless otherwise indicated. Unless otherwise noted, the statistics in this article are drawn from the reference tables in the 2004 OPTN/SRTR Annual Report. Two companion articles in this report, 'Transplant data: sources, collection and research considerations' and 'Analytical approaches for transplant research, 2004', explain the methods of data collection, organization and analysis that serve as the basis for this article (1, 2) . Additional detail on the methods of analysis employed herein may be found in the reference tables themselves or in the Technical Notes of the OPTN/SRTR Annual Report, both available online at http://www.ustransplant.org.
Children represent a distinct group of organ transplant candidates. Pediatric organ transplant recipients differ from their adult counterparts in several important aspects, including the underlying etiology of organ failure, the complexity of the surgical procedures, the pharmacokinetic properties of common immunosuppressants, the immune response following organ transplantation, the measures of success of the transplant procedure, the amount and degree of comorbid conditions and the susceptibility to post-transplant complications, especially infectious diseases. Organ transplantation can never be considered fully successful for children unless they grow and develop as normally as possible following transplantation. Recognizing these special considerations, families have been particularly willing to be living donors for children and the transplant community has provided special allocation rules to give preference to pediatric candidates.
Pediatric organ transplant programs have been developed to address the requirements specific to children with terminal organ failure. In general, these programs are small and their outcome reports and research protocols are hampered by small numbers. Thus, specialized pediatric registries have been developed to define the requirements and treatments relevant for children. The North American Pediatric Renal Transplant Cooperative Study (NAPRTCS) has been reporting on pediatric kidney transplantation since 1987 (3) , and the Studies of Pediatric Liver Transplantation (SPLIT) has been doing so for pediatric liver transplantation since 1995 (4) . Similarly, the Pediatric Heart Transplant Study (PHTS) has been a registry since 1993 (5) , and the Intestinal Transplant Registry covers pediatric intestinal transplantation (6) . Recognizing the specific needs of children, the National Institute of Allergy and Infectious Diseases established the Cooperative Clinical Trials in Pediatric Transplantation (CCTPT) 11 years ago, and it continues to sponsor important trials. The SRTR has contributed to this effort by providing comprehensive data and analysis across all types of pediatric organ transplants and by providing an opportunity to compare the outcomes of children with those of adults. The SRTR has provided many analyses to the OPTN Pediatric and other committees and has developed models to help guide decisions about allocation of organs for pediatric transplantation.
Waiting list
There were 2220 children awaiting all types of organ transplants at the end of 2003, about evenly divided between those <11 years of age and those 11-17 years old ( Figure 1 ). Children account for 3% of all candidates for transplantation. The number of children awaiting transplant has decreased slightly for the past 2 years, with the number of infants <1 year of age decreasing almost 25% since 2000. The organs with the greatest number of children awaiting transplantation were liver (922) and kidney (710) (Figure 2 ). The number of children awaiting transplant during the past decade has increased by about 70%. However, the proportion of children on the waiting list has decreased from 4% to 3% because of the substantially greater increase of adults during the same time, especially those between 50 and 64 years (a more than threefold increase) and ≥65 years (a more than fivefold increase). The pattern in Figure 1 suggests that the number of children awaiting transplantation may have reached a steady state.
Pediatric organ transplant recipients
In 2003, there were 1802 pediatric transplant recipients, which represented 7% of all recipients. The number of children receiving organ transplants has increased relatively little since 1994 ( Figure 3 ). The number of transplants in children has increased only 16% during the decade while the number of transplants for all ages has grown by 39%. The higher percentage of pediatric candidates who are transplanted reflects the high percentage of living donors for children and the preference provided for children in organ allocation, which is discussed below. As with transplantation in general, pediatric organ transplants are becoming more successful and graft survival shows an increasing positive trend ( Figure 4 ). As noted in previous SRTR annual reports, young children have the best adjusted 5-year graft survival rates among all deceased donor and living donor kidney recipients, although adolescents do not do as well. Similarly, children 6-10 years have the best adjusted 5-year graft survival rates among all deceased donor liver recipients, but infants <1 year of age have the worst. Children ≤10 years undergoing living donor liver transplantation have the best adjusted 5-year graft survival rates of all age groups, with outcomes exceeding those of deceased donor liver transplants. Children 1-17 years old have adjusted 5-year graft survival rates for heart transplants that are comparable to adult recipients 35-64 years old. Children <1 year at the time of a heart transplant have slightly lower long-term graft survival rates than older children, but they are no worse than the 18-34 year group. Meaningful assessment of long-term pediatric living and deceased donor lung and intestine graft survival rates is hampered by the relatively small numbers of such recipients.
Overall, children, especially young children, have excellent long-term graft survival rates, and these rates are often equivalent to or better than the outcomes of transplantation in adults. In general, children can no longer be considered to have excessive risk based solely on their age at the time of transplantation.
Pediatric organ donors
In general, most organ transplant programs do not accept living donors <18 years of age. A recent International Forum on Living Organ Donation proposed a ban on all such transplants (7) . A recent review of 40 000 living kidney donors in the United States identified 60 donors who were <18 years at the time of donation (8) . Twentyfour of the recipients of these grafts were children, of whom 7 were identical twins; 36 of the recipients were adults, the oldest of whom was 54 years of age. In 2003, only one living kidney donor was <18 years of age; no living liver or lung segment donors were pediatric.
There were 884 pediatric deceased donors of all organs in 2003, representing 14% of all donors. Almost 60% of pediatric deceased donors were at least 11 years old. The number of pediatric deceased organ donors has been relatively stable over the past 5 years, but the pediatric population has represented a declining percentage of all organ donors over that time span because the number of older adult donors has increased.
As previously described, pediatric deceased donors are more likely to donate each type of organ compared with adult donors (9) . The percentage of pediatric deceased donors who donated specific organs was as follows: kidney 89%, liver 90%, heart 52%, pancreas 43%, lung 20% and intestine 10%. The percentage of pediatric deceased donors who donate pancreata, intestines and hearts is substantially higher than adults. The percentage of pediatric deceased donors who donate pancreata and intestines has increased substantially over the past decade.
The percentage of deceased donors who are children substantially exceeds the percentage of children who are either candidates for deceased organ donation or recipients of deceased donor organs for every organ except intestine ( Figure 5 ). For example, children make up more than 20% of the donors of hearts and pancreata but are recipients of only 14% and 5% of those deceased donor grafts, respectively. In general, organs from deceased pediatric donors are more frequently used for adults and more adults receive organs from pediatric donors than children receive organs from deceased adult donors ( Figure 6 
Pediatric allocation policy overview
This section focuses on organ allocation policy-provisions that determine the order in which available organs are offered to candidates on the waiting list-rather than organ distribution policy, which comprises provisions that govern the composition of the list at the time offers are made. The organ allocation policies summarized in this section reflect policies approved by the OPTN/UNOS Board of Directors as of June 24-25, 2004 ; implementation of certain policies awaits necessary computer programming. Readers are encouraged to access the OPTN website (www.optn.org) for the most up-to-date policies regarding organ allocation.
Amendments to the National Organ Transplant Act (NOTA), 42 U.S.C. § § 274 et seq., enacted in 2000 (Title XXI, Children's Health Act of 2000, Public Law 106-310) make clear that as part of its policy development activities, the OPTN is to recognize and address the differences in health and organ transplantation issues between children and adults. Even prior to inclusion of this principle in law, national policies for the allocation of organs took into account the unique challenges for pediatric candidates with end-stage organ failure. For example, since 1990, children have received additional priority for deceased donor kidney offers through assignment of extra points based upon age. This is because young children and adolescents experience agespecific problems associated with dialysis, including disruption of expected growth and development processes due to renal failure. Early reversal of uremia through transplantation can avoid these problems and ameliorate many of the adverse effects of end-stage renal disease (ESRD) confronting these patients. The intent, therefore, has been to expedite access for these patients to donor kidneys.
In liver, heart and, most recently, lung allocation, the need to recognize differences between children and adultsphysiology, disease processes and progression, treatment protocols, morbidity and mortality and growth and development-has been amplified as these respective allocation systems have moved toward greater specificity in defining medical urgency. The intent has been to develop pediatric criteria that are within the framework established for adult candidates and consistent with its principles while addressing conditions and challenges particular to children. Additionally, pediatric candidates receive preference in allocation of adolescent donor organs (heart) and all pediatric donor organs (liver) to take advantage of improved transplant recipient outcomes demonstrated for children but not for adults through donor-to-candidate matching with the younger donors. Pediatric candidates also receive preference in the allocation of pediatric donor lungs to address practical considerations of organ size and suitability for transplant, as well as the relatively high mortality for younger children and adolescents on the lung waiting list.
Kidney allocation
The national system for allocating deceased donor kidneys includes two allocation protocols, one for standard criteria donor (SCD) kidneys (the majority of deceased donor kidneys) and one for expanded criteria donor (ECD) kidneys. 
Pediatric-specific elements:
Pediatric candidates in Status 1 include those with fulminant liver failure, as defined for adult Status 1 candidates, as well as other acute and chronic pediatric patients expected to live <7 days and meeting additional criteria, e.g. on a mechanical ventilator, or with upper gastrointestinal bleeding, hepatorenal syndrome, Stages III or IV encephalopathy, refractory ascites/hepato-hydrothorax or biliary sepsis requiring or unresponsive to specified therapies.
The formulas determining priority for liver candidates not listed as Status 1 also differ for adult and pediatric candidates. The PELD model was developed by the EMMES Corporation using the SPLIT registry to provide a pediatricspecific version of model for end-stage liver disease (MELD). PELD was developed after assessing prognostic factors applicable specifically to children (moving to the ICU and death pre-transplant). Factors presently used include albumin, bilirubin, INR, growth failure and age <1 year. Based on recent studies showing that adolescent candidates (i.e. candidates 12-17 years old), in general, would receive a higher priority for liver offers if assigned a score calculated by the adult candidate formula rather than the pediatric candidate formula, adolescent candidates are now assigned scores using the adult formula. Additionally, because the adult candidate formula for predicting mortality on the waiting list results in a minimum score of 6 while the pediatric formula has no minimum score, pediatric candidates with medical urgency scores ≤6 are considered with adult candidates with medical urgency scores of 6. Table 2) .
Heart allocation
The national system for allocating deceased donor hearts assigns priority to candidates based upon medical urgency (i.e. the likelihood of a candidate dying while waiting for a heart transplant). Priority is assigned within each heart medical urgency status category for blood type or for compatibility in the case of blood type B patients (blood type O donor hearts) and blood type AB patients (ABO A and B donor hearts). Following allocation for all born transplant candidates with compatible blood types, donor hearts are allocated by heart status category to pediatric candidates <1 year who have incompatible blood types and have indicated they will accept a heart from a donor of any blood type. Waiting time also is used to prioritize candidates within their designated urgency status. Candidates accrue waiting time within each heart status; priority is assigned based upon waiting time accumulated while listed at their current or a higher (more critical) urgency status.
Pediatric-specific elements:
Medical urgency status codes are defined separately for adult and pediatric candidates, addressing differences in, for example, therapies and severity of illness among pediatric candidates. Additionally, pediatric candidates receive preference ahead of adult candidates in the allocation of adolescent (i.e. 11-17 years old) donor hearts within each medical urgency status. Children retain the pediatric priority assignments for heart allocation from the time of listing until they are transplanted. The system allows transplantation across blood groups in the case of very young pediatric candidates (i.e. <1 year old). This accomplishes two purposes: it provides for listing in utero candidates when blood type is unknown and it permits placement of otherwise unusable pediatric donor hearts in candidates who, based upon available evidence, can be safely transplanted with ABO incompatible donor hearts (Table 3) .
Lung allocation
The national system for allocating deceased donor lungs assigns priority to candidates age 12 years and older based on a calculation of their medical urgency and the projected benefit of transplantation. Waiting list urgency is measured by the expected days of life during the next year that would result if the candidate did not receive a transplant (i.e. remained on the waiting list). Post-transplant survival is measured by the expected days lived during the first year posttransplant. The candidate's priority for receiving lung offers, defined by a lung allocation score, is calculated from the difference between the candidate's transplant benefit measure (post-transplant survival measure minus waiting list urgency measure) and the candidate's waiting list urgency measure. Candidates <12 years old are allocated lungs based on time on the waiting list. Candidates with blood type identical to the donor receive preference in lung allocation ahead of candidates with compatible (but not identical) blood types.
The system also assigns preference in the allocation of pediatric donor lungs to pediatric candidates. Adolescent (i.e. age 12-17 years) donor lungs are allocated first to adolescent candidates based on lung allocation score, then to candidates age 0-11 years based on waiting time, and Pediatric-specific elements: That young pediatric candidates (0-11 years) are allocated lungs based on waiting time rather than on lung allocation score acknowledges differences in diagnoses and outcomes from older lung candidates (≥12 years). Pediatric candidates receive preference ahead of adult candidates in the allocation of all pediatric donor lungs. Young pediatric candidates receive first preference for young pediatric (0-11 years) donor lungs, followed by adolescent candidates, and then adult candidates. Adolescent candidates receive first preference for adolescent donor lungs, followed by young pediatric candidates, and then adult candidates (Table 4) .
Kidney transplantation
In the past, children under the age of 10 were considered to be the highest-risk patients with poorest graft survival. Although some hypothesized that this was due to an elevated immune response, other factors such as graft thrombosis and adverse donor selection proved to be more significant (10, 11) . In the modern era of surgical techniques and immunosuppression, these children now have the best longterm outcomes (12, 13) . Unfortunately, the teenage pediatric population has worse long-term outcomes (14) , but they are improving (12) . Research efforts need to identify the causes of poor outcomes for this age group and identify strategies to improve long-term graft survival.
Waiting list
Children do not contribute to the problem of increasing donor-recipient imbalance. The number of children entering the waiting list per year has increased relatively slowly over the past decade ( The mortality rates for children on the waiting list remained low, as they do not have the same comorbidity factors that result in increased mortality for adults. There were only seven deaths in children younger than 10 years and 12 deaths in those aged 11-17 years. The annual death rate per 1000 patient years at risk has declined by 50% over the past decade for children aged 1-5 years, from 110 in 1994 to 55 in 2003. For those 6-10 years, the annual death rate has ranged between 9 and 74 per 1000 patient years at risk over the past decade and currently is at 28. Similarly, the annual rate has fluctuated for those aged 11-17 years and currently is at 26 per 1000 patient years at risk. The ECD allocation policy for kidneys went into effect in October 2002. The system was designed to maximize procurement and placement of ECD organs while minimizing cold ischemia time. Patients are to be informed of the increased risk of graft failure associated with these organs and to give consent prior to being placed on the ECD list concurrent with their placement on the list for SCD kidneys. Prior to enactment of this policy, children were receiving ECD kidneys (14 in 1994) , and African American children had a significantly higher likelihood of receiving an organ that met today's definition of an ECD kidney (15) . In 2003, however, only one child was allocated an ECD kidney. It is worth noting that a review of the waiting list shows that a substantial percentage of pediatric patients were placed on the ECD list.
Transplantation and survival
The short-term graft survival for pediatric recipients of both deceased and living donor kidneys is improving, and the difference in graft survival between the two categories of allografts is diminishing (16) . One-year adjusted graft survival in children ≥1 year ranged from 89% to 95% for deceased donor non-ECD recipients ( Figure 9 ) and was 96% in living donor recipients ( Figure 10 ). This probably reflects advances in overall management, as well as improved selection of deceased kidney donors. In addition, these ex- Table 5 .8c.
cellent short-term graft survival rates included teenaged children, with an adjusted graft survival rate of 96% at 3 months and 92% at 1 year for deceased donor non-ECD recipients and a rate of 98% at 3 months and 96% at 1 year for living donor recipients.
Improvement also has been impressive in long-term graft survival rates for young pediatric recipients of either living or deceased donor allografts. A decade ago, it was believed that children had the worst graft survival rates. But a recent analysis of the OPTN/SRTR data showed that young children have the best long-term graft survival of any age group (12, 13) . For living donor recipients, adjusted 5-year graft survival rates are the highest in children 1-10 years (90% for 1-5 years and 91% for 6-10 years). The next highest long-term graft survival rate is seen in the adult group aged 35-49 years. After the age group ≥65 years, teenagers have the next poorest 5-year graft survival rate at 75%, and young adults aged 18-34 years are at 78%.
Children ≤10 years have the best adjusted 5-year deceased donor non-ECD graft survival: 73% for those 1-5 years and 77% for those 6-10 years. Teenagers had a rate of 62%. Adults with the best long-term graft survival were those aged 35-49 years (72%).
It is unfortunate that the superb long-term graft survival rates seen in young children are not seen in adolescent recipients. As mentioned above, teenagers have excellent graft survival rates at 3 months, 1 year and even 2 years, but their graft survival rate declines precipitously after that. The reasons for this decline are not entirely known, but contributing factors may include poor compliance with immunosuppressive regimens (17) and the high incidence of recurrence of focal segmental glomerulosclerosis seen in this patient population (18) . However, the long-term graft survival rates for adolescents are improving. In the most recent report, the 5-year adjusted graft survival rate had increased to 75% in living donor recipients and to 62% in deceased donor non-ECD recipients. This improving trend was also shown in an SRTR analysis presented at the American Transplant Congress in 2003 (12) .
As expected, the death rates of pediatric kidney transplant recipients at 3 months, 1 year and 3 years were generally lower than those of adults, and the 5-year patient survival rates were better ( Figure 11 ). The adjusted 5-year patient survival rate of pediatric deceased donor non-ECD recipients ≥1 year ranged from 90% in children aged 1-5 years to 98% in teenagers. The adjusted 5-year patient survival rates were higher for living donor recipients, ranging from 97% in children aged 1-5 years to 99% in children aged 6-10 years.
The number of pediatric deceased donors continued to decline. However, the percentage of pediatric deceased donors (14%) is substantially greater than the percentage of pediatric candidates on the waiting list (1%) and greater than the percentage of pediatric recipients who receive a deceased donor kidney (4%). Kidneys from donors aged 11-17 years generally have the best graft survival rates of all donors, 73% at 5 years.
Graft survival has improved for kidneys from younger donors. The 5-year graft survival rates from deceased donors aged <1 year has risen to 60%, equal to that of donors aged 50 years or greater. More impressive is the continued improvement in 5-year graft survival from donors aged 1-5 years at 70%, which is approaching the long-term graft survival seen with adolescent donors at 73%. Therefore, the use of kidneys from those very young donors should be encouraged in selected recipients (19, 20) .
During the past decade, graft survival has improved substantially, with children under 10 years demonstrating the best long-term patient and graft survival rates among all transplant recipients. Adolescents have not fared as well; they have the worst long-term graft survival of any group, though it is improving. Studies are needed to determine which factors contribute to poor graft survival in adolescents and how they can be remedied. Children wait less time on the list than do adults, but this is appropriate, given the morbidities of delayed growth and development associated with ESRD, as well as with the difficulty children have with vascular access for dialysis.
Liver transplantation
Pediatric liver transplant recipients are a distinct population because of their unique distribution of diagnoses and indications for transplantation. There are also important agerelated manifestations of end-stage liver disease that are reflected in different patterns of pre-transplant morbidity and mortality. These differences also affect short and longterm post-transplant survival. More importantly, given the longer expected useful life of a liver graft in this patient population, issues regarding quality of life and benefit from transplantation are key factors in assessing success of pediatric liver transplantation. Consequently, entities such as the SPLIT registry (4) and the National Institutes of Healthsponsored Biliary Atresia Research Consortium (BARC) have been developed to address the impact of these issues in children and to participate in the development of proposed allocation policies to serve this vulnerable patient population. As in past years, pediatric organ allocation and care processes are discussed and contrasted with adult counterparts, and the specific needs and outcomes of pediatric liver candidates and recipients are described in this section.
Waiting list
The incidence of end-stage liver disease requiring transplantation, as reflected in candidates listed for transplant, has demonstrated a significant increase from 1994, when there were 492 patients under 18 years listed for liver transplantation, to 2000 when 969 were listed ( Figure 12 ). patients on the waiting list has remained fairly stable since 1998, varying from 5% to 7% over the course of those years. The development of medical severity scoring systems (MELD and PELD) has led to the collection of data concerning severity of liver failure since 2002.
The annual incidence of patients with PELD meriting placement on the waiting list can be ascertained by noting the number of new registrants placed on the liver transplant waiting list. This has remained stable with 881 new pediatric registrants in 2003, compared with 880 in 2002. Previous reports had described a notable decrease in registrations in the adolescent age group (11-17 years). Stability in the proportions of pediatric candidates across age groups may reflect the impact of the PELD scoring system over the course of the most recent 2 years. Because allocation is based on the medical severity scoring system, listing prior to clinical deterioration plays a less important role in practice patterns.
The median time to transplant for pediatric registrants has not changed substantially according to age groups since 1993. In 2003, the median time to transplant for children age 1-5 years was comparatively longer (277 days) than times to transplant for infants (140 days) and longer than for the older pediatric age groups of 6-10 and 11-17 years (144 and 168 days, respectively). This decline parallels the overall decline in death rate. The annual death rate per 1000 patient years generally has decreased throughout the decade for all pediatric waiting list candidates over age 1 year; however, for children younger than 1 year, the death rate in 2003 was 818 per 1000 patient years, much higher than the overall death rate for all candidates and reflecting a persistent rise for this group in the past several years. This higher death rate in infants has previously been ascribed to a relative increase in mortality due to medical management issues and the availability of finding suitable grafts for this size patients. The appropriate PELD score for these small infants may not adequately reflect their risk of dying, particularly when awaiting combination organs such as liver and intestine transplants, for which most of the patients are in the <5-year age group.
Transplantation and survival
There were 478 children under the age of 18 years who received a deceased donor liver transplant in 2003, which is comparable to the 492 children under the age of 18 years transplanted in 1994 ( Figure 13 ). However, this represents a progressive proportional decrease in the deceased donor liver transplants allocated to children, from 14% in 1994 to 9% in 2003. The proportion of patients within each age group has been consistent since 1998, ranging between 1% and 4%.
Living donor liver transplantation has been performed in children since 1989; the introduction of living donor transplantation to adults occurred on a consistent basis after 1998. The utilization of this modality in children has remained relatively stable since 1994 ( Figure 13 Annual death rates per 1000 patient years in the first year after transplant increase with age in the adult subcategories. There have been general but inconsistent decreases over time in the death rates in the pediatric age ranges. The drop in annual post-transplant death rates in pediatric patients has been especially notable in the <1-year age group since 2001. Adjusted deceased donor liver allograft survival at 3 months, 1 year, 3 years and 5 years was lower in transplant recipients <1 year old compared with older pediatric recipients. The best short-and long-term graft survival among all adult and pediatric patient age subgroups was observed in the 6-10 and 11-17 age groups, where graft survival was superior across all time points. Analysis of survival as a function of donor type revealed superior patient and graft survival for children younger than 1 year with an allograft from a living donor compared with a deceased donor; this trend was not detected for any other age group (Figure 14) . Similar patient and graft loss trends in this younger pediatric cohort from either a living donor or a deceased donor have been reported previously (4,21). awaiting intestine-only transplantation, there had been no major changes in listing status with regard to how they are assigned urgent, non-urgent or inactive status. For patients awaiting the intestine in combination with a liver graft, significant allocation changes followed the introduction of MELD/PELD based allocation. The initial MELD/PELD allocation policy did not adequately address the incremental severity of pre-transplant death rates for patients with intestinal failure and associated end-stage liver disease. In-depth analysis performed by the SRTR in pediatric intestinal failure patients awaiting the intestine plus a liver graft revealed that, though the PELD scoring system was predictive of mortality in patients awaiting intestine plus a liver graft, this mortality risk was significantly higher when compared with patients awaiting a liver or intestine transplant. Recently approved changes in organ allocation policy reflecting this new information have allowed patients awaiting liver and intestine transplants to receive an increased PELD score equivalent to a 10% higher risk of the 3-month mortality. Additional guidelines regarding Status 1 listing for patients meeting criteria who are awaiting liver and intestine grafts are currently under discussion.
Intestine transplantation
The number of new intestinal transplant registrants in the various adult and pediatric age ranges has remained relatively stable since 2000 and may reflect actual referral patterns, as well as the limited number of centers performing this procedure as of 2003. For similar reasons, the median time to transplant, which reflects the difficulty facing these candidates awaiting intestinal transplantation, has remained high, and for some age groups, it has been over 300 days. Children of all ages wait longer for intestine transplants than do adults.
These long waiting times for intestinal transplantation with the added liver disease severity translate into very high waiting list mortality. In 2003, the annual death rate per 1000 patient years at risk was 295 for the total candidate group. These death rates were even higher in the <1 year and 1-5 year age groups (635 and 327, respectively). It is evident that these smaller subgroups of pediatric patients have a higher risk of mortality due to inadequacy in securing appropriate-sized deceased donors before clinical deterioration occurs. In 2003, there were 6455 deceased donors, of whom 257 were <6 years of age. However, only 60 donors in this age group became intestine donors. Changes in allocation and improvements in technical considerations regarding reduced-sized grafts may have contributed to the slight decrease in the waiting list death rate in this subgroup. The discrepancy between the number of deceased donors, candidate waiting times and candidate waiting list mortality reflect present allocation rules that have prompted changes in the PELD scoring system; however, further changes may be required in order to address this high mortality. Over the past 10 years, the outcomes after intestinal transplantation have been gradually improving, particularly in the last year: in 2003, the overall first year post-transplant death rate per 1000 patient years at risk was 310, a marked drop from 2002 (404). Post-transplant death rates tend to be higher in pediatric patients <10 years old than in older children. Graft survival rates after intestinal transplantation for all age groups at 3 months, 1 year, 3 years and 5 years were 81%, 66%, 48% and 34%, respectively.
Transplantation and survival
Overall, adjusted patient survival rates for the most recent cohorts following intestinal transplantation at 3 months, 1 year, 3 years and 5 years were 89%, 77%, 61% and 49%, respectively.
The most recent publication from the International Intestinal Transplant Registry shows a total of 606 transplants performed in 560 pediatric recipients in 42 centers, with survivors accumulated at 290 (6). Though there had been a gradual increase in transplants performed, this has stabilized since 2001 at about 80 transplants per year, with most recipients being within the 1-13 year age group. Half (50%) of patients required a liver in association with their intestinal graft, and 37% of the patients required an isolated intestinal graft. Variations of the multiorgan intra-abdominal procedure were performed in 13% of the recipients. Outcomes have improved since 2000, with improvement factors related to center volumes and also to improvements in immunosuppressive regimen. Consequently, the findings of this registry mirror data presented in this report, as well as reports from large single-center studies.
The reasons for improvement have been multifactorial and include better access to organs, which is reflective of changes in organ allocation policy; experience with overall management of these patients in larger centers; and introduction of additional immunosuppressive medications including rapamycin, thymoglobulin and the interleukin-2 receptor antibodies. These changes have led not only to a decrease in incidence and severity of rejection due to graft loss, but also to a decrease in patient morbidity from opportunistic infections and to reduced early and late toxicities from immunosuppressive medications. Early treatment with preemptive management of both cytomegalovirus and Epstein-Barr virus likewise have reduced mortality due to infections with these viruses after intestinal transplantation.
These data demonstrate that, although the population of wait-listed candidates and recipients is stable, the benefit from transplantation has improved as reflected in improved patient and graft survival. The majority of these patients have been transplanted in a limited number of centers in the United States, and this may contribute to high pretransplant waiting list mortality given that the organ allocation policies have not allowed for wider sharing of these pediatric donor organs. It remains to be seen if further allocation policies will change this pre-transplant outcome. Overall outcomes for intestine transplantation, both shortand long-term, appear to be improving.
Heart transplantation

Waiting list
The number of pediatric patients awaiting heart transplantation has been relatively steady over the past 5 years; the number awaiting transplantation at the end of 2003 was 244, while the 5-year average is 243. Children consistently account for 5-7% of all of those awaiting heart transplants. As in prior years, the largest age group among children waiting for a heart transplant is the group aged 1-5 years, followed by adolescents aged 11-17 years. There were fewer infants on the list this year compared with previous years (16 versus an average of 32 in the preceding 4 years). This decline may reflect an increase in palliative surgical reconstruction as initial therapy for complex heart lesions such as hypoplastic left heart syndrome, rather than transplantation (22) .
Although children in all age groups have substantially shorter waiting times (median waiting times range from 59 to 107 days) than do adults, they have a substantially greater risk of death while on the waiting list. The highest death rate is among infants <1 year, in 75% of whom the indication for placement on the waiting list is a congenital heart anomaly (23) . In older children and adolescents, cardiomyopathy is the leading indication for transplantation; however, congenital cardiac anomalies continue to account for a substantial minority of transplants even in this older group. This observation is important because cardiac anatomy, in addition to size, precludes the use of ventricular assist devices for many children with end-stage cardiac failure. This, in addition to scarcity of organs and the inherent hemodynamic instability of complex congenital heart disease, undoubtedly contributes to their high waiting list mortality.
Transplantation and survival
Over the past 10 years, children have accounted for approximately 12% of all heart transplant recipients. Prior to 1998, infants were generally the largest pediatric group receiving transplants on an annual basis; since then, adolescents constituted the largest group. This change may be related to changes in the surgical management of newborns with congenital heart disease, as noted above; to changes in heart allocation policy that favor adolescents; and to other unidentified causes. The rate of transplantation per 1 million population remains higher for infants than for any other age group, except adults between 50 and 64 years, among whom it is slightly higher. The high rate of transplantation in these very youngest children likely reflects the high incidence of moderate-to-severe congenital heart disease in infants (6 per 1000 live births) (24) , which is the indication for transplantation in 66% of recipients in this age group (25) .
Over the past 10 years, recipients younger than 1 year have generally had a higher annual death rate in the first year after heart transplantation. An analysis performed by the PHTS suggests that this high early mortality is linked to the diagnosis of congenital heart disease and specifically to the diagnosis of hypoplastic left heart syndrome (5). Adjusted patient survival at 3 and 5 years continues to be slightly worse among those transplanted as infants ( Figure 15 ). Regardless of age at transplant, those trans- planted for congenital heart disease have worse patient survival.
These data suggest many avenues for efforts that might decrease pre-and post-transplant mortality among children with end-stage cardiovascular disease. There are several priorities, among them increasing organ availability through increased donation and recovery, developing techniques to circumvent immunologic barriers to transplantation, and perhaps an increased use of DCD organs. The development of circulatory support devices suitable for infants and small children, as well as devices suitable for those with abnormal cardiac anatomy or abnormal circulatory physiology, could contribute to improved outcomes at every step in the transplant process. The potential impact of these devices is far-ranging; they would increase the number of candidates who could be bridged to recovery and so avoid transplantation; increase the number of recipients who, in the absence of recovery, survive until an organ becomes available; improve the health status of those who come to transplantation by preventing the end-organ damage that results from circulatory insufficiency; and support heart recipients through a period of early graft dysfunction. Finally, improvement of the long-term outcome of pediatric heart transplantation will depend upon the development of more effective and less toxic medical regimens to protect the transplanted heart from chronic immunologic injury.
Lung transplantation
The population of pediatric patients undergoing lung transplantation is somewhat different than that of adults. According to SRTR analyses, from 2000 to 2003, cystic fibrosis (CF) accounted for nearly 44% of patients receiving lung transplants between the ages of 1 and 10 years and 77% of patients ages 11-17 years. These percentages are similar to those seen in international reports (23) . In comparison, in 2003, CF made up only 16% of the total population of deceased donor lung transplant recipients. In addition, the infant and toddler population of lung transplant recipients includes many disease processes unique to infancy, including surfactant protein B and C disorders (26, 27) , irreparable congenital cardiac or pulmonary vascular abnormalities and interstitial lung diseases (ILD) with histologies distinct from adult ILD (28, 29) . When considered in light of the relatively small numbers of patients coming to lung transplant in the pediatric population, these differences make comparisons with waiting list mortality and post-transplant survival in adults challenging. This has been particularly difficult with recent attempts to model these outcomes for organ allocation purposes.
Waiting list
In comparison with 2002, the total number of pediatric lung transplant candidates continued to decline in 2003 ( Figure 16 ). In addition, the percentage of pediatric candidates among all lung transplant candidates has declined over the past 10 years from 7% in 1994 to 5% in 2003. Over the past 5 years, this decline can be accounted for both by decreases in the number of children 6-10 years old awaiting lung transplant and by increases in the number of adults, particularly in the 50-64 year age group, waiting for transplant ( Figure 17 ). There are several possible reasons for this decline. One likely factor is improvement in therapy for CF and pulmonary hypertension. Data from the Cystic Fibrosis Foundation registry indicates that both lung function and survival as a function of age have improved over the past 10 years (30) . The advent of pulmonary vasodilators such as prostacyclin, bosentan and sildenafil have improved the survival of pediatric patients with pulmonary hypertension (31) . It is also possible that referrals for lung transplant in pediatric age groups have been influenced by the recognition that lung transplant remains a treatment rather than a curative procedure.
Evaluation of the time to transplant for lung is difficult, as median values are not available for the majority of age groups in the past 5 years; this is likely because of long waiting times and relatively high waiting list mortality. However, the 25th percentile of time to transplant is available for all age groups in the cohort of patients listed for trans- With the exception of the 11-17 age group, values for other pediatric recipients were lower than those for adult age groups. In contrast, the values for the 11-17 age group were among the highest, probably reflecting competition with adult candidates. Nonetheless, caution is required when drawing conclusions from these data, as the values over time are quite variable across all age groups. This is likely due, in part, to substantial regional variability in waiting times (32).
Waiting list mortality in the pediatric population historically has been above the mean, and the number of waiting list deaths compared with transplants has generally been high for pediatric candidates compared with adults ( Figures 16  and 17 ). However, in 2003, waiting list mortality for the 1-5 and 6-10 year age groups was 61 and 38 deaths per 1000 patient years at risk, respectively. These are the lowest values among any age group and the lowest values for these pediatric age groups over the past 10 years. Recognizing that these data are based on a relatively small number of patients, the slight increase in the number of lung donors under age 11 years over the past 4 years may have contributed to improved organ availability. In contrast with other pediatric candidates, however, the death rate for adolescent lung transplant candidates remained higher than that of any other age group, with the exception of candidates aged 65 years or older. Contributing factors include the unpredictability of the course of CF lung disease, coupled with competition with adults for deceased donor organs.
Transplantation and survival
In 2003, there were 47 pediatric lung transplants (both deceased and living donor). This represents 4% of all lung transplants and is increased slightly compared with 2002. However, it remains well below the peaks of 68 transplants and 8% of all transplants in 1995. This decline cannot be accounted for by changes in any one age group and is most likely because of steady increases in the number of adults listed for lung transplant coupled with stable to declining pediatric listings.
The number of pediatric living donor lobar lung transplants (LDLLT) remained stable in 2003, as did the number of LDLLT in adults. CF remained, by far, the most common diagnosis in patients receiving LDLLT. Overall, the number of LDLLT remains well below the peak of 30 in 1998. In addition, for the first time since 1994, none of the LDLLT recipients had a prior lung or heart-lung transplant. The decrease in LDLLT is likely related, in part, to the technical and ethical complexities of the operation, coupled with the recognition that short-and long-term survival may be lower than that of deceased donor recipients. The incidence of lung transplantation in all pediatric age groups remained stable and well below the incidence in the adult population. Long-term survival after lung transplantation across all age groups remains poor compared with heart, liver and kidney transplantation. Unadjusted 10-year graft survival is 22% compared with 47% for deceased donor heart transplant recipients. Graft survival after lung retransplantation remains worse than primary transplantation. Small numbers mandate caution in interpreting data for pediatric age groups in this context. However, at 3 years, all pediatric age groups had adjusted graft survival rates for deceased donor recipients comparable to those of adults. Five-year adjusted graft survival, however, appears to be lower for all except the 1-5 year age group (Figure 18 ). This observation is consistent with worse outcomes for other solid organs in the adolescent age group. Five-year adjusted graft survival in all LDLLT recipients is 25% compared with 44% in deceased donor recipients, but adjusted graft survival of pediatric LDLLT recipients is comparable to that of pediatric deceased donor recipients at 5 years. Table 12 .8a.
Lung transplantation remains a viable therapy for end-stage pediatric pulmonary parenchymal and pulmonary vascular disease. A decline over the past few years in the number of pediatric patients listed for transplant likely reflects a combination of improved therapy for these diseases, coupled with recognition that long-term survival remains poor (31) . Waiting list mortality for adolescent candidates remains higher than most other age groups. The benefit given to pediatric recipients in the recently approved revision to the lung allocation policy should help reduce this disparity. Five-year adjusted graft survival in the majority of pediatric age groups was lower than that of adult deceased donor recipients. Although the relative numbers are small, exploration of possible causes is warranted. Living donor lobar transplant remains an option for patients requiring lung transplantation. In contrast to adults, the 1-year death rates and 5-year adjusted graft survival rates for pediatric LDLLT recipients were comparable to cadaveric organ recipients. However, it is likely that the technical and ethical challenges associated with LDLLT will limit significant expansion of its use. Finally, although short-term survival after lung transplantation has improved over the past 10 years, bronchiolitis obliterans and other late complications continue to prevent lung transplantation from achieving longterm survival comparable to other solid organ transplants. Because relatively few pediatric lung transplants are done each year, learning from clinical experience will mandate multicenter collaborations and standardization of care protocols. This approach, combined with the development of basic science partnerships to leverage emerging technologies such as molecular genomics and proteomics, should increase our understanding of the basic processes involved in long-term graft acceptance or failure and ultimately lead to improved therapies and outcomes.
Heart-lung transplantation
Waiting list During the past 6 years the number of heart-lung waiting list patients of all ages has been steadily decreasing, from a peak of 250 registrants in 1998 to 189 registrants in 2003. Consistent with this trend is the steady decline in the number of pediatric heart-lung patients on the waiting list during this time period, from 51 (20% of total) in 1998 to 27 (14% of total) in 2003. Of the 27 pediatric patients on the waiting list in 2003, there were no infants (age <1 year), and children between 11 and 17 years made up the largest age group (n = 13). In 2003, there were only 15 new pediatric heart-lung registrants, down from 20 such registrants in 2002 and the lowest number in 10 years. It is unlikely that this can be attributed wholly to the changing preference for the use of lung over heart-lung transplantation in patients with CF, as the number of new pediatric lung waiting list registrations has also decreased over recent years. There may be a connection between this decrease and the small number of centers performing pediatric heart-lung transplant procedures; high death rates on the waiting list and poor long-term survival post-transplant may also discourage potential registrants.
As in years past, children on the heart-lung waiting list had higher annual death rates per 1000 patient years at risk compared with adults. In 2003, the overall waiting list death rate among all heart-lung transplant candidates was 101 per 1000 patient years at risk. For children aged 11-17 years (the only pediatric age group for whom these data are available), this rate was higher (217) compared with all adult age groups (for whom the rate ranged from 60 to 139). The increased death in children while waiting may be related to several factors. Children awaiting thoracic organ transplant are more likely to be in on life support in the ICU (33) ; suitable cardiac assist devices are lacking for smaller children; and possibly pediatric candidates are in competition with adults for organs.
Transplantation and survival
During the past 10 years, the annual number of pediatric heart-lung transplants performed has ranged from 5 to 15, representing 8-26% of all heart-lung transplants. Of the 29 heart-lung transplants performed in 2003, 6 (21%) were in children, with the majority (n = 5) performed in children aged 11-17 years. Because of the small number of pediatric heart-lung transplants, time to transplant and annual death rates after transplant cannot be calculated.
There are limited data on long-term pediatric heart-lung graft and patient survival, and it is difficult to analyze outcomes for so rare a procedure. Heart-lung recipients in the 11-17 years age group have lower adjusted graft and patient survival at 3 months and 1 year compared with the overall heart-lung transplant population; however, they have higher graft survival rates (63% versus 45%) and patient survival rates (67% versus 46%) at 3 years. These data suggest that for this pediatric age group, although there is substantial early mortality, the decline in survival beyond 3 months is minimal to at least 3 years. Five-year data are available only in the 1-5 year age group, with adjusted graft and patient survival of 40%. This is probably comparable to the 37% adjusted graft and patient survival in the overall heart-lung transplant population.
Summary
Overall, children, especially young children, have excellent long-term graft survival rates. These rates are often equivalent to or exceed the outcomes of transplantation in adults.
In general, children can no longer be considered to have excessive risk based solely on their age at the time of transplantation. That said, the transplant community recognizes the unique challenges faced by pediatric candidates with end-stage organ failure. In liver, heart and, most recently, lung allocation, the need to recognize differences between children and adults has been amplified as these respective allocation systems have moved toward greater specificity in defining medical urgency. Pediatric kidney recipients under the age of 10 years now have the best long-term outcomes. But graft survival rates for teenage kidney recipients are not as encouraging, and more research is needed to understand this trend. The numbers of pediatric patients on the waiting lists for liver and heart are relatively stable. Annual death rates have decreased steadily for liver recipients, but infant heart recipients experience high mortality in the year after transplant, suggesting the need to increase donation and develop circulatory support devices.
